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Method for transmitting coding information over packet data network

The 1invention relates 1n general to avoiding multiple coding and decoding of data in
data connections that mvolve cellular networks. In particular the invention relates to
extending tandem free operation to connections that pass over non-conventional
telephony networks.

In conventional PSTNs (Public Switched Telephony Network) the digitized speech
1s presented in a format that requires 64 kbps for transmission. In cellular networks
efficient speech coding methods are used to compress the digitized speech before
sending the speech over the radio access network. Decoding 1s used to obtain a data
flow that 1s stmilar to the original digitized speech flow, for example, before trans-
mitting the speech further to PSTN. The coding methods used in cellular networks
compress the speech to a data flow that can be transmitted using less than 16 kbps 1n
the fixed part of the cellular network. In the radio access network part of the cellular
network also channel coding 1s needed, and the coded speech 1s also presented in a
different format than in the fixed part of the cellular network.

If both the caller and callee use mobile stations then, in the absence of any
precautions, the speech 1s coded and decoded twice, because it needs to be trans-
mitted over a radio access network twice. This double coding may deteriorate the
quality of the speech. It 1s possible to code the speech only once, if the coded
speech 1s transmitted over the cellular networks and possible PSTN in between the
cellular networks. This kind of operation is called tandem free operation (TFO).

Fig. 1 presents an example of the tandem free operation in a GSM (Global System
for Mobile Communications) network. A one-way connection 1s presented in Fig. 1
for the sake of clarity. Usually connections are bidirectional, and the same
functionality 1s performed in both directions. The mobile station MS1 101
communicates over a radio access network with a base station BS1 102. The
digitized speech 1s coded 1n the mobile station, using coder C as presented in Fig. 1.
Between a mobile station and a base station, the coded speech 1s presented in a
format that 1s typical for the air interface. From the base station onwards, the coded
speech 1s carried to a transcoder and rate adaptation unit (TRAU) in a certain format
called TRAU frames. In Fig. 1 the base station BS1 transmits the coded speech to
TRAUI1 103. Base station controllers are not involved in the speech coding and are,
therefore, not presented in Fig. 1.
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The transcoder and rate adaptation unit usually decodes the speech and sends it
further as a pulsed code modulation (PCM) signal that carries data with the rate of
64 kbps. The speech 1s sent to a Mobile Services Switching Center (MSC) which
relays 1t either to another MSC or to the public telephony network. In Fig. 1 the
TRAU1 decodes the coded speech (decoder D) and transmits the decoded speech to
MSC1 104, and from there the speech is relayed via the PSTN 105 to another
cellular network. The MSC2 106 relays the decoded speech further to TRAU2 107,
where the speech 1s coded (coder C') and inserted to TRAU frames. The base station
BS2 108 converts the TRAU frames into a radio access network format, and
transmits the data over the air interface to the mobile station MS2 109. In this
mobile station the coded speech is decoded (decoder D').

The different arrows 110,111 and 112 in Fig. 1 are used to present the data
presentation format and signal carrying the data. Dashed arrows 110 refer to coded
speech and the air interface. Solid arrows 111 refer to TRAU frames that require
either an 8 kbps or a 16 kbps transmission channel and thick arrows 112 refer to
decoded speech that requires a 64 kbps transmission channel and PCM signal.

If both mobaile stations and TRAUs involved 1n a call have a common coder-decoder
pair, 1t 1s possible to encode the speech only once. In the situation presented in Fig.
1, n tandem free operation the speech 1s coded m MS1 and decoded in MS2.
TRAUI relays the TRAU frames as TFO TRAU frames within the decoded speech
(arrow 113 1n Fig. 1). The TRAU1 performs also decoding and the decoded speech
1s transmitted to TRAU2, but it is used only if TRAU2 cannot extract the TFO
TRAU frames from the data it receives. If TRAU?2 notices the TFO TRAU frames,

it relays the decoded speech carried by the TFO TRAU frames to BS2 in TRAU
frames.

Tandem free operation requires thus special functionality, 1.e. TFO capability, from
the TRAUSs. In practice the TFO capability means the following three things. First,
the TRAUs can negotiate which coder 1s used. Second, they can transmit TFO
TRAU frames to each other as part of the PCM signal and third, they can extract the
TFO TRAU frames from the incoming PCM signal. In GSM the TFO TRAU frames
are carried over the PCM so that the one or two least significant bits in each 8 bit
long speech sample are replaced by TFO TRAU frame information. The TFO
TRAU frame information 1s carried thus in a 8 kbps or 16 kbps subflow of the 64
kbps PCM flow. The destination TRAU can then ignore the rest of the PCM signal,
and relay the TFO TRAU frames as TRAU frames towards the destination mobile
station.
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The transcoder and rate adaptation units involved in a call negotiate the speech
coder using TFO inband signaling. This signaling 1s performed by modifying certain
bits of the TRAU frame structure. The data carried in TRAU frames and TFO
TRAU frames 1s essentially the same except for the TFO signaling bits. In the
beginning of a call the TRAU units may each select the coder they use, but if both
TRAUs support tandem free operation, a common coder may be negotiated. The
decoded speech i1s usually also transmitted in the PCM signal even after a common
coder has been agreed on. This is because after a handover, for example, both
TRAUs 1nvolved in the call may not support the tandem free operation.

In the following term TFO frame is used to refer to frames that carry coded data,
information about the coder and tandem free operation capability of a coding-
decoding unit. These TFO frames are exchanged between coding-decoding units of
cellular networks.

The current tandem free operation works between two cellular networks or 1f the
cellular networks are connected via a PSTN. In the recent years, however, there has
been an explosive growth in real-time data applications that use packet networks
like the Internet as transport medium. These real-time applications can support voice
calls and video calls. It is possible to use the Internet or other packet networks as
transmission media between cellular networks, instead of PSTN. Especially with the
third generation networks that are at least partly packet based, the use of packet
networks between the cellular networks 1s a natural choice.

The H.323 specification has been created by the International Telecommunications
Union (ITU) for the purpose of defining a standard framework for audio, video and
data communications over networks that do not provide a guaranteed quality of
service (QoS). Packet networks, for example, may be such networks. The aim of the
H.323 specification is to allow multimedia products and applications from different
manufacturers to interoperate.

Fig. 2 presents a situation where two GSM networks are connected with an IP
(Internet Protocol) network. Each of the GSM networks 201, 202 1s connected to the
IP network 203 with an Voice over IP (VoIP) gateway. These VoIP gateways 204,
205 are connected to the MSCs 104, 106. From the cellular network they receive 64
kbps decoded speech as PCM signal (arrows 112 in Fig. 2), and they compress this
data flow. The compressed data flow is then transferred over the IP network to
another VoIP gateway (arrows 210 in Fig. 2). Usually the compressed data flow
requires etther 8 kbps or 16 kbps of transmission capacity. The H.323 specification,
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tor example, defines certain codecs that can be used for compressing data in H.323
networks. It 1s also possible to construct proprietary coders and gateways. Term
gateway refers here neither to any specific packet network technology nor to any
specific standards on telephony over packet networks. It 1s used as a general term
for a network element connecting a cellular network and a packet network and
relaying calls and other connections to and from the cellular network.

Here terms code and decode refer to methods that are used in cellular networks.
Terms compress and decompress refer to methods that are used on the edge of
packet networks.

The problem i using compression in gateways when transmitting calls between
cellular networks 1s that in the worst case the speech (or other data) 1s coded and
decoded three times. First in the originating cellular network, then when transmitted
between the cellular networks and finally in the destination cellular network. This
may reduce the quality of the speech drastically.

A further problem i1s that even in a case, where both coding-decoding units involved
in a call are TFO capable, 1t i1s possible that this feature cannot be utilized. This 1s
because the TFO frames, which carry information about the data coders and TFO
capabilities of the coding-decoding units and which are possible included in the
PCM signal, do not necessarily stay unmodified imn the compression and
decompression in the gateways. Especially the TFO signaling, which 1s carried in
certain bits of the TFO frame, 1s sensitive to change due to compression.

It 1s possible to extend the tandem free operation to situation, where a call 1s trans-
mitted over a packet network, for example by relaying the TFO frames over the
packet network. In principle, this relaying ensures that all necessary information, for
example coded data, indication of the coding method and of the tandem free
operation capability, 1s transmitted over the packet network. On the other side of the
network, the TFO frames can be relayed further or the coded data can be decoded
and transmitted further. Gateway that can relay TFO frames (or otherwise relay
information corresponding to the frames) between a packet network and another
network are here called tandem free operation capable gateways.

There are problems in extending tandem free operation by straightforwardly
relaying the TFO frames or otherwise transmitting the information carried in the
frames. The second gateway on the other edge of the packet network may be
connected, for example, to a PSTN or to a cellular network that does not support
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tandem free operation. The second gateway should, in this case, decode the coded
data 1t receives in the TFO frames, but a suitable decoder is not necessarily

supported 1n the gateway.

Even 1n a case, where a packet network connects two TFO capable coding-decoding
units, relaying the TFO frames may not work. In the beginning of a call each pair
consisting of a coding-decoding unit and a mobile station selects the coder
independently of the other pair. The current tandem free operation does not support
the option that a coding unit recetves TFO frames, where data i1s coded with one
coder, and before sending, for example, TRAU frames further, it decodes the coded
data and re-codes it using a different coder. Therefore, when the TFO frames are
relayed over the packet network and the coders used in the cellular networks are
different, the downlink gateway must decode the coded data flow. Again, a suitable
decoder 1s not necessarily supported in the gateway.

In both these cases the uplink gateway should compress the complete data flow that
1s carried by, for example, the PCM signal. The downlink gateway could then
decompress the data flow it receives and transmit the decompressed data further.
But as discussed above, it is not advisable to perform this compression-
decompression, if the TFO frames can be relayed over the packet network.

The object of the invention is to present a method for enabling a versatile selection
of the way 1n which data is transmitted over a packet network. Especially, the object
1s to extend the tandem free operation over a packet network by transmitting data
using frames that carry coded data as often as possible.

The object of the invention is achieved by exchanging over the packet network
information about decoders and tandem free operation capabilities supported on
each side of the packet network.

A method according to the invention i1s a method for transmitting information
related to tandem free operation, where

- a cellular network comprising a tandem free operation capable coding-decoding
unit 1s connected to a packet network,

- an entity, which can be a second network or a terminal, is connected to the packet
network and

- data 1s transmitted over the packet network between said coding-decoding unit on
a first side of the packet network and said entity on a second side of the packet
network, and it 1s 1s characterized in that information about the decoding
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capabilities and tandem free operation capabilities on the first side of the packet

netwark is transmitted from a first gateway, which connects the cellular network to

the packet network, over the packet netwark to the second side of the packet

network to a second gateway, which connects said entity to the packet network, for
5 enabling on said second side of the packet network transmission of data frames to
the packet network, when such data frames are either received from said entity or
producible using at least information received from said entity, said data frames
carrying coded data and signaling information relating to tandem free operation, and
the coding of the coded data in the data frames corresponding to the decoding
10 capabilities on the first side,

A decoding information exchange arrangement according to the invention is an
arrangement for exchanging information over a packet network, which comprises
- means for establishing tandem free operation information about the tandem free
operation capability on its side of the packet network and
15 - means for communicating data structures over the packet network, and it 1s charac-
terized in that it comprises -
- means for establishing decoding mformanon about decoders on its side of the
packet network, - -
- means for establishing a data structure that comprises said tandem free operation
20 information and at least a certain part of said decoding information and
-means for receiving information about tandem free operation capability and
decoding information on another side of the network for enabling to the packet
network transmission of data frames, when such data frames are either received
from its side of the packet network or producible using at least information received
25 from its side of the packet network, said data frames carrymg coded data and
signaling information relating to tandem free operation, and the coding of the coded
data in the data frames corresponding to the decoding capabilities on said another
side.

A gateway according to the invention is a gateway for connecting a first network to
30 a certain side of a second network, which second network is a packet network,

which gateway comprises

- means for establishing tandem free operation information about the tandem free

operation capability on said side of the packet network and

- means for communicating data structures over the packet network, and it is charac-
35 terized in that it comprises
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EVPFANGS.c. LCUNTLL 8/ : AUSURULKSZFLL UKD 14-9%




e o — - - ———— S — et VPNt Ml | W T Mt ettt of WS ald et oY W, OC“ F.o7 419

- 01-10-200t1 I F10000621

CA 02378439 2002-01-07

6a

- means for establishing decoding information about decoders on said side of the
packet network,
- means for establishing a data structure that comprises said tandem free operation
information and at least a certain part of said decoding information and
5 -means for receiving information about tandem free operation capability end

decoding information on another side of the network for enabling to the packet
network transmission of data frames, when such data frames are either received
from its side of the packet network or producible using at least information received
from its side of the packet network, said data frames carrying coded data and

10 signaling information relating to tandem free operation, and the coding of the coded
data in the data frames corresponding to the decoding capabilities on said another
side.

A decoding information transmission arrangement according to the invention is

characterized in that
15 - it comprises means for establishing decoding information about decoders in a

~ cellular network and
- said means for establishing decoding information comprise means for transmitting
at least a certain part of said decoding information outside the cellular network.

A cellular network element according to the invention is characterized in that

o AMENDED SHEET
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- 1t comprises means for establishing decoding information about decoders in a
cellular network and

- said means for establishing decoding information comprise means for transmitting
at least a certain part of said decoding information outside the cellular network.

In the method according to the invention, it 1s assumed that at least one tandem free
capable coding-decoding unit of a cellular network 1s involved in the connection.
The uplink data coming from this cellular network comprises decoded data and TFO
frames, which carry coded data, details about the used coder and signaling related to
the tandem free operation. In GSM network, for example, these frames are the TFO
TRAU frames. If a connection does not involve any TFO capable coding-decoding
unit, there 1s no need to figure out whether to transmit TFO frames over a packet
network.

In the method according to the invention, data 1s transmitted between the TFO
coding-decoding unit of a first cellular network and another network over a packet
network. The networks may be connected to each other, for example, by gateways.

The gateways may be able to relay the TFO frames, and some coders and decoders
may be implemented in the gateways. The TFO frames relay and coding and
decoding functionality may be provided on the edges of the packet network also in
some other manner than 1 gateways.

In the method according to the invention, information about the decoding
functionality that 1s supported on a first side of the packet network 1s transmitted to
the other side of the network. The decoding functionality may be implemented
either 1n a cellular network (or other network that i1s connected to the packet net-
work) or, for example, in the gateway that connects the cellular network to the
packet network. Information about the TFO frame relay capability on the first side
of the packet network 1s also transmitted. Based on this information, an entity, for
example a gateway, on the other side of the packet network may decide, how to
transmit data over the packet network.

The fundamental advantage of the method according to the invention is that the
exchange of TFO capabilities and decoding features allows to choose the trans-
mission method so that it minimizes the number of coding-decoding pairs that are
used 1n a connection. This prevents unnecessary deterioration of the quality of the
transmitted data. It may also save some processing power in the network elements,
for example in the coding-decoding units and 1n the gateways. These elements may



10

15

20

25

30

CA 02378439 2002-01-07

WO 01/05113 PCT/F100/00621

8

only relay coded data instead of decoding the data. The exchange of TFO
capabilities and decoding features also makes it possible to load necessary coders or
decoders to a gateway before it receives from the packet network data that needs to
be processed using the coders or decoders.

The capability information that is transmitted in the method according to the
invention enables the gateways, for example, to select how they transmit data over
the packet network. The gateway that connects a cellular network to the packet
network may, for example, relay the TFO frames as such. Another option is that it
decodes the data it receives, re-codes it using another coder and transmits the re-
coded data in TFO frames. It may also compress the whole data flow it receives and
transmit the compressed data.

Similarly, the gateway that connects the other network to the packet network has
also many options. If the gateway, for example, receives uncoded data, it may code
the data using a coder corresponding to the decoder that 1s employed, for example,
in the endpoint of a connection. This way the data that 1s transmitted over the packet
network and the cellular network 1s coded only once.

One advantage of the method according to the invention is that it works without
modifying current cellular networks. The gateways, for example, on the edge of the
packet network can establish the necessary information about decoding features by
monitoring the TFO frames. This monitoring provides information about the
decoding method that is employed in the present connection in the cellular network.

Further advantages can be achieved, if a cellular network can transmit information
about the coding and decoding methods that is supports. For example, a coding-
decoding unit may accept TFO frames where one coder has been apphied, decode
the received coded data and then code the data using another coder. In this case,
TFO frames where one coder has been applied can be decided to be relayed over the
packet network and further to the cellular network. There the coding-decoding unit
modifies the data before sending it to the endpoint of the connection.

Further, 1f the cellular networks and gateways transmit information about the coding
and decoding features and the TFO capability of the gateways, the coder or coders
(if different coders are used in the opposite directions, for example) may be
negotiated already when a call 1s being established. This way the tandem free
operation may be turned on from the beginning of a call. Currently the tandem free
operation is negotiated between the coding-decoding units only after a certain coder
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has already been selected separately by each coding-decoding unit and the mobaile
station that communicates with it.

Further advantages of the invention are discussed in connection with the preferred
embodiments of the invention.

The invention will now be described more in detail with reference to the preferred
embodiments by the way of example and to the accompanying drawings where

Fig. 1 shows a schematic drawing of a call between two mobile stations,

Fig. 2 shows a schematic drawing of a call between two mobile station that 1s
passing a packet network,

Fig. 3 shows a schematic drawing of a method according to a first preferred
embodiment of the invention where information about decoding 1s
inferred from TFO frames,

Fig. 4 shows a schematic drawing of a method according to a second preterred

embodiment of the invention where information about decoding 1s trans-
mitted from a cellular network to a gateway,

Fig. 5 shows a schematic drawing of a method according to a third preferred
embodiment of the invention where coding and decoding 1s negotiated
when a call 1s established and

Fig. 6 shows an arrangement and network elements for transmitting TFO
information according to a fifth preferred embodiment of the invention.

Above in conjunction with the description of the prior art reference was made to
Figs. 1 and 2. The same reference numerals are used for corresponding parts in the

figures.

Fig. 3 presents a method 300 according to a first preferred embodiment of the
invention where information about the decoding capabilities and TFO capabilities
on a first side of the packet network is transmitted to the other side of the packet
network. One of the networks connected to the packet network 1s a cellular network.
Data about decoding capabilities of the cellular network 1s established by
monitoring the TFO frames. This method 1s applicable to, for example, the GSM
network and TFO TRAU frames.
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The cellular network 301, where a tandem free operation capable coding-decoding
unit 302 1s involved in the connection, i1s connected to the packet network 303. A
gateway GW1 304 may be used to connect the cellular network 301 to the packet
network 303. On the other side of the packet network there is another network 305,
which 1s connected to the packet network, for example, with the gateway GW2 306.

On the edges of the packet network, for example in the gateways, certain coders and
decoders may be implemented. The set of coders implemented in the first gateway
304 1s marked by C(GW1) and the set of decoder by D(GW2). Similarly, C(GW2)

and D(GW?2) refer to the coders and decoders implemented in the second gateway
306.

When a connection has been established between, for example, a mobile terminal in
the cellular network 301 and another endpoint in the second network 305, data
begins to flow in both directions of the connections (assuming that the connection is
bidirectional).

Let us first consider the direction from the cellular network 301 to the second
network 305. The uplink data flow from the cellular network comprises TFO frames
where data coded with coder C; i1s carried. The coder is indicated in the TFO
frames, as well as the decoder D, that is used to decode the downlink data. The
decoder D, may correspond to the coder C;, but it does not have to do so. The
coding-decoding unit 302 and a mobile station may use a different coder-decoder
pair C;- D; to modify the uplink data than the one C,- D, used to modify the
downlink data. If the decoder corresponding to coder C, is noted with C,”, then the
D, corresponds to C; may be marked in the following way: C;” = D,.

The gateway 303 may thus infer from the TFO frames information about the coder
C; and decoder D,. This is presented in Fig. 3 with arrow 310. It transmits (arrow
320) information about the decoder D,, the decoders D(GW1) that it supports and
information that it is TFO capable over the packet network. The TFO capability
may be stated implicitly by transmitting the capability information. It may be stated
explicitly, for example with a certain TFO indicator in a signaling message, too.

The second gateway 306 can similarly infer information about the coder C; and
decoder D, that are possibly employed in the second network 305 (arrow 311). The
second network is not restricted anyhow, so it may be, for example, a PSTN. If it 1s
a PSTN, no coders or decoders are employed there.
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The second gateway receives the information about the capabilities on the other side
of the packet network. Thereafter it can decide, how to transmit over the packet
network the data it receives from the second network 305. If, for example, the first
gateway 1s not TFO capable, the second gateway may have to compress the whole
data flow 1t receives and thereafter transmit the compressed data. A common
compress~-decompress method pair 1s here assumed for all gateways.

If the first gateway 1s TFO capable, the second TFO gateway has better options. Let
us consider first a situation, where the data flow which the TFO capable second
gateway 306 receives from the second network 305 comprises TFO frames. In this
case, the second gateway can relay the TFO frames, for example, if the endpoint of
the connection can decode the data in the frames, i.e. C3~ = D,. If the cellular
network 301 requires that the data flow coming to it comprises the decoded data n
addition to the TFO frames, then there are two options. Either the first gateway 303
decodes the data, i.e. C;" € D(GW1), or the second gateway 306 decodes the coded
data that the TFO frames carry and codes it again with a coder Cs whose decoder
Cs™ the first gateway supports. With respect to avoiding extra coding, this coding
and decoding in the second gateway is advantageous only when Cs” =D, and D, €
D(GW1). In this case, the TFO frames that the second gateway 306 transmits
towards the cellular network 301 may be relayed over the air interface to the mobile
station. But if the conservation of TFO signaling bits 1s the main object, then 1t may
be advisable to perform the coding and decoding in the second gateway also when

Cs-l # D, and Cs-l < D(GWI)

In a situation, where the second gateway 306 does not receive from the second
network 305 TFO frames, it may decode the data it receives with D, if D, e
C(GW2). If the first gateway has to decode the coded data in TFO frames, then the
condition D, € D(GW1) has to be true, too. Otherwise it may be the only option to
compress the data.

The second gateway may select the transmission method based on the information it
infers from the TFO frames and on the information it receives from the first
gateway. There 1s necessarily no need to negotiate the transmission method with the
first gateway if, for example, it has been predetermined that TFO frames that come
from the packet network are always relayed further within a decoded data flow.

Let us next consider the direction from the second network 305 to the cellular
network 301. The second gateway transmits information about its TFO capabilities,
its decoder D(GW2) and about the possible decoder D, (arrow 321). Based on this
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information the first gateway 303 may decide, whether to transmit the TFO frames.
For example, if the second gateway does not specify a decoder Dy, the first gateway
may infer that the sufficient condition for transmitting TFO frames is C,” €
D(GW?2). This guarantees that the second gateway can decode the coded data in the
TFO frames, and thereafter transmit it further. The data 1s thus coded i1n, for
example, a mobile station with coder C; and decoded only on the other side of the
packet network. Otherwise the data may have to be compressed and decompressed
on the edges of the network. This reduces the quality of the transmitted data.

If the second gateway specifies a decoder Dy, then similar conditions as presented

for the first gateway and the decoder D, may be used 1n selecting the transmission
method.

If the TFO signaling can be carried between the coding-decoding units and 1f the
TFO negotiations succeed, thereafter the employed coders and decoders should
fulfill the following conditions: C,! =D, and C;” = D,. As stated above, if neither
of the cellular networks requires the incoming signal to comprise decoded data, the
TFO frames at this point can be simply relayed between the gateways.

The above conditions for choosing TFO frame relay or for compressing the whole
received data flow are presented as examples. The scope of the discussion above 1s
to show that already by exchanging only the specified information (TFO, D,
D(GW)), 1t is possible to implement versatile logic for selecting the transmission
method.

If one of the gateways does not send information about the TFO and decoding
capabilities, the other may infer that it 1s not TFO capable. In this case the only
option to transmit data over the packet network 1s probably to compress the whole
data tlow.

F1g. 4 presents a method 400 according to a second preferred embodiment of the
invention where a cellular network informs a gateway about the coders and
decoders it supports. The cellular network 401 is connected to a packet network 302
with, for example, the first gateway 402. The second cellular network 403 1s
connected to the packet network with, for example, the second gateway 404.

The arrow 410 presents the information about coders C(CN1) and decoders D(CN1)
that the cellular network 401 transmits to the first gateway 402. These are the coders
and decoders that the cellular network, for example in the TFO capable coding-
decoding unit that is involved in the connection, supports. For simplicity, let us
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assume that the cellular networks 401 and 403 accept incoming data that contains
only TFO frames if the cellular networks support the decoder that is needed to
decode the data in the TFO frames. The coding-decoding units, for example, may
decode the data in TFO frames and re-code it using the coder they use in
communication with a mobile station. The re-coded data 1s then transmitted to the
mobile station.

The gateways 402 and 404 may infer the coder and decoder that are used 1n each of
the cellular networks similarly as the gateways 303 and 306 presented in Fig. 3. The
arrow 310 presents, how the gateway 402 infers the employed coder C,; and decoder
D,, and arrow 311 presents similarly, how the gateway 404 infers the employed
coder C3 and decoder D,. It 1s also possible that a coding-decoding unit transmits
information about these coder and decoder directly to a gateway. It 1s clear that the
following statements are true: C; € C(CN1), D,e D(CN1), C; € C(CN2) and D4e
D(CN2).

The first gateway 402 transmits the following information to the second gateway:
TFO capability, the employed decoder D,, and the supported decoders D(CN1) and
D(GW1). This 1s presented in Fig. 4 with the arrow 420. In the system presented in
Fig. 4 it 1s possible to relay TFO frames which carry data coded with C; over the
packet network from the cellular network 403 to the cellular network 401, if C;" =
D,. In this case, the data is coded and decoded only once over the connection (see
arrow 430, where solid circles refer to coding and open circles refer to decoding).
The TFO frames can be relayed from the second gateway 404 also if C;" e
D(CN1). In this case, the first cellular network may decode the data in the TFO
frames and re-code it using D,” (arrow 431). The decoding and re-coding may be,
optionally, carried out in the second gateway, if C;° € D(GW2) and D, €
C(GW?2), see arrow 432. If information C(GW1) about the coders supported 1n the
first gateway 402 1s also transmitted to the second gateway, then it may relay the
TFO frames also when C;' € D(GW1) and D," e C(GW1). In this case the first

gateway decodes the data in the TFO frames and re-codes it using D, (arrow 433).

Similarly, the second gateway 404 transmits information about the TFO capability,
the employed decoder D,, and the supported decoders D(CN2) and D(GW?2) over
the packet network (arrow 421). As to the other direction, it 1s possible to relay the
TFO frames, for example, if C;” € D(GW2). If the second network 403 is not a
cellular network but, for example, a fixed network, then the sets C(CN2) and
D(CN2) are empty.
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Again, the above conditions for choosing TFO frame relay or for compressing the
whole received data flow are presented as examples. Here it was noticed that in
some cases the information about the coders that are supported in the gateways may
be worth to transmit over the packet network.

Fig. 5 presents a method 500 according to a third preferred embodiment of the
mvention where the employed coders and decoders are negotiated between the
cellular networks. The negotiation can be carried out directly between the cellular
networks or via gateways. The negotiation is carried out already when establishing
the connections, so the gateways do not have to infer the coders and decoders from
the TFO trame flows. The gateways may perform some decoding and re-coding as
in the method according to the second preferred embodiment of the invention.

The cellular network 501 transmits to the gateway 502 that connects it to the packet
network 302 information at least about the supported decoders D(CN1). This 1s
presented with the arrow 510 in Fig. 5. Similarly, the cellular network 503 transmits
to the gateway 504 that connects it to the packet network 302 information about the
decoders D(CN2) (arrow 511).

The gateways exchange information about the TFO capabilities of the gateways and
the decoding capabilities of the cellular networks (arrows 520, 521). This
information 1s transmitted further to the cellular networks (arrows 530, 531). Now
each cellular network knows the decoding capabilities of the other, and they can
negotiate (arrow 540) the coding and decoding methods that are used in this
connection. If there are (at least one) coders that are supported in this network and
the corresponding decoders are supported in the other network, it is advisable to
choose the coder used in this network among those coders. If such a common coder-
decoder pair can be chosen, the gateways may be told just to relay the frames. In
this case, the gateways do not have to monitor the TFO frame flow to figure out
how to transmit 1t over the packet network or to figure out if they have to decode
and re-code the data in the TFO frames. If the gateways support decoding and re-
coding, then the decoding information that is transmitted over the packet network
and that 1s presented with arrows 520, 530 and arrows 521, 531 may comprise also

D(GW1) and D(GW2), respectively.

It a common coder-decoder pair cannot be chosen, the decoding and re-coding can
possibly be made in the cellular networks. Also in this case the gateways can be told
just to relay the TFO frames.
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This method according to the third preferred embodiment of the invention can be
applied, for example, in the Universal Mobile Telecommunication Networks

(UMTS) which are connected to each other with a packet data network. In UMTS,
the Call Control can restrict the coding-decoding methods a UMTS-TRAU and a
mobile station employ between themselves. The Call Control can receive the
information about the decoders that are supported in the other cellular network from
the gateway. It can also tell the gateway just to relay the TFO frames.

If both the cellular networks involved in a connection are UMTS networks, then
there may be a separate protocol which the Call Control units use in the coder
negotiation when establishing the connection. The data may be transmitted via the
gateways as presented 1n Fig. 5.

In a method according to a fourth preferred embodiment of the invention, new
protocol messages or additions to existing protocol messages are defined for
enabling the exchange of TFO capabilities and decoding capabilities. There are
specific protocols for transmitting data for real time application over packet net-
works, for example the Real-time Transmission protocol (RTP) 1s used especially in
IP networks.

Between gateways, the calls that are transferred over RTP may be multiplexed and
transmitted over a single RTP connection. The RTP Control Protocol (RTCP) 1s
used to transmit certain confrol commands between the endpoints of the RTP
connection. The RTCP is used, for example, when a call 1s established, to pass
information about the endpoints of a call. During a call, the RTCP provides
feedback on the quality of the data distribution.

Consider a gateway that connects a cellular network to an IP network and uses RTP
to transmit calls over the IP network. This gateway may, for example, monitor the
data flow from the cellular network. After noticing TFO frames in the data flow, it
may use a certain RTCP message to inform the other gateway about, for example,
the following 1ssues: the TFO capability of the gateway, the decoder used in the
cellular network and the decoders that the gateway supports.

There are five types of RTCP packets, and the APP (application) type that 1s defined
for application specific functions may be the most suitable for the transmitting TFO
and decoding capabilities. Each RTCP packet begins with a certain header, followed
by structured elements that may be of variable length according to the packet type.
The structured elements contains consecutive payload identifiers and payloads
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carrying the specified information. New payload types, for example gateway TFO

capabilities, current decoder and gateway decoder capabilities may be defined. The

gateways decoder capabilities payload, for example, may be a list of the decoders

the gateway supports and in the beginning of the payload the number of decoders in
5  the list may be defined.

It 1s also possible to transmit information about the TFO capabilities and decoding
capabilities, for example, in a RTP packet by defining a new payload type for RTP
packets. The payload of the RTP packet can comprise similar information as above
mentioned payload of the RTCP APP packet.

10 In H.323 networks 1t 1s possible to transmit the TFO and decoding capabilities using
H.245 signaling. The advantage of H.245 signaling compared to the RTP or RTCP
messages 1S that all H.323 gateways support H.245 signaling. The H.245 signaling
specification defines the exchange of capability information between H.323
endpoints. By modifying this signaling so that each endpoint, for example, sends its

15 TFO capability information and lists the decoders it supports to the other endpoint
the gateways may exchange information about these 1ssues. The TFO information
exchange messages may be, for example, similar to the terminalCapabilitySet
message.

To a man skilled 1n the art it should be clear how to modify the RTP or RTCP

20  packets or H.245 messages so that information about TFO capabilities and decoding
capabilities can be exchanged. Above some possible modifications to the packets
and messages have been discussed briefly.

It 1s possible that a gateway 304, 306, 402, 404, 502 or 504 comprises a Media
Gateway (MG) and a Media Gateway Controller (MGC). In this case, information
25  about the TFO capabilities, about the current decoder and/or decoding capabilities 1s
typically transmitted using the following route: MG1 — MGC1 — MGC2 - MG2
(typically in both directions). The information transmitted between two MGCs,
between a MGC and a MG, or between a gateway GW and a MGC can be, for
example, such information as 1s presented with arrows 320, 420, 520 or with arrows
30 321, 421,521. Between two Media Gateway Controllers or between a gateway GW
and a Media Gateway Controller the information can be exchanged, for example,
using modified RTP or RTCP packets or using H.245 messages. Between Media
Gateway and a Media Gateway Controller the information can be exchanged, for
example, using a protocol designed specifically for this purpose or using an
35 enhanced version of protocol H. 248. If a cellular network informs a gateway about
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its coding/decoding capabilities (arrows 410, 411, 510, 511), this information can be
transmitted from the cellular network to a Media Gateway, which transmits the
information further to a Media Gateway Controller, or directly to a Media Gateway
Controller.

Fig. 6 presents arrangements according to a fifth preferred embodiment of the
invention. The decoding information exchange arrangement 611 comprises a block
612 where decoding information about the decoding capabilities on this side of the
packet network is established. On this side of the packet network refers here to the
gateway and/or to the cellular network. Information about the decoders supported
by the cellular network may be included, for example, to a configuration file, or the
information may be received online from the cellular network (decoding information
block 602 in decoding information transmission arrangement 601) .

The decoding information block 612 may comprise a block 613 that 1s responsible
for inferring the coder and/or decoder in the current connection. The information
can be inferred from the TFO frames or there may be in the cellular network a TFO
extension arrangement 601, which contain a block 603 that indicates the coder and
decoder that are in use in a certain connection.

The decoding information exchange arrangement has information about the TFO
capability on the edge of the packet network, for example in a gateway (block 614).
Information from blocks 612-614 is gathered and a data structure that comprises at
least part of the coding information and the TFO capability information 1s
constructed in data structure block 615. The data structure 1s sent over the packet
network using the input-output block 616. The same I/O block 1s used to receive
data from a similar gateway arrangement, and from the received data the decoding
and TFO capabilities on the other side of the packet network are inferred (block
617). If not data is received, it is possible to conclude that the other gateway does
not support any coders or decoders, and that it is not TFO capable.

Based on the received information a decision how to process the imncoming TFO
frames is made in the decision block 618. It is possible that the cellular network
gives instructions (block 605), which the decoding information exchange
arrangement receives (block 619) and which affect the decision to process the TFO
frames.

The decoding information transmission arrangement 601 in the cellular network
may comprise also a negotiation block (604) which can receive and send
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information about the available coders and decoders and negotiate the coder and
decoder that will be employed 1n a certain connection. This negotiation can be made
already during the call establishment.

The decoding information exchange arrangement 611 is preferably implemented 1n
the gateway 610 that connects a network to the packet network. If the network that
the gateway connects to the packet network i1s a not a cellular network, the block
613 does not have to be implemented. If the gateway comprises a Media Gateway
and a Media Gateway Controller, then the decoding information exchange
arrangement 611 1s typically part of the Media Gateway Controller. The Media
Gateway 1s responsible, for example, for performing actual decoding-coding (as
illustrated i Figure 4), if there 1s need for such functionality in a certain
connection.

The decoding information transmission arrangement 601 may be implemented in a
certain cellular network element 600. It may be implemented, for example, in the
coding-decoding unit.

Consider a situation where a terminal equipment that supports the coders and
decoders that are used in cellular networks 1s connected directly to the packet
network. Further, the terminal equipment can send and received coded data in TFO
frames. If the terminal equipment comprises the decoding information exchange
block 611, then the terminal may send information about its decoding capabilities
and receive mformation about the decoding capabilities of a cellular network on the
other side of the packet network.

If a coding method corresponding to the decoding method used 1n, for example, a
mobile station in the cellular network is implemented in the terminal equipment, the
terminal may choose that coding method for coding data. The coded data may then
be transmitted 1n TFO frames to the cellular network. In the opposite direction the
coding method 1n the cellular network may be chosen so that the terminal equipment
supports the corresponding decoder. Another option 1s that the cellular network or
the gateway connecting the cellular network to the packet network performs
decoding and re-coding.

The terminal equipment may be, for example, an H.323 terminal that comprises the
decoding information exchange block 611. The packet network may be, for
example, an IP network over which H.323 telephony is carried out.
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The mvention does not restrict the choice of the data transmission method over the
packet network. By changing information about the decoding and tandem free
operation capabilities on each side of the packet network according to the invention,
the gateways, the networks connected to the packet network or the endpoints of a
connection can select a suitable way to process the data that is to be transmitted.
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CLAIMS,

1. A method (300, 400, 500) for transmittfing
information related to tandem free operation, where

- a cellular network comprising a tandem free operation
capable coding-decoding unit is connected to a packet network,

- an entity, which can be a second network or a terminal,
is connected to the packet network and

= data 1is transmitted over the packet network between said
coding-decoding unit on a first side of the packet network and
said entity on a second side of the packet network,
characterized in that

- information about decoding capabilities and tandem free
operation capabillitlies on the first side of the packet network
1s transmitted (320, 420, 520) over the packet network to the
second side of the packet network for enabling on said second
side of the packet network transmission of data frames to the
packet network, when such data frames are either received from
sald entity or producible using at least information received
from said entity, said data frames carrying coded data and
signaling information relating to tandem free operation, and
the coding of the coded data in the data frames corresponding

to the decoding capabilities on the first side.

2. A method according to claim 1, characterized in that
information about the decoding capabilities and tandem free
operation capabilities on the second side of the packet
network 1s transmitted (321, 421, 521) to the first side of
the packet network.

3. A method according to claim 1, characterized in that
the cellular network 1s connected to the packet network with a
first gateway and said entity 1s connected to the packet

network with a second gateway, and said information 1is

transmitted from the first gateway to the second gateway.



CA 02378439 2006-02-22

21

4 A method according to claim 3, characterized in that
sald first gateway comprises a media gateway and a media
gateway controller, and said information 1s transmitted from

the media gateway controller to the second gateway.

5. A method according to c¢laim 1, characterized in that
the tandem free operation capabilities and decoding
capabilities on the first side of the packet net work and a
decoding method that 1s used in the cellular network on said
side of the packet network are transmitted (320) to the second

side of the packet network.

6. A method according to claim 5, characterized in that
information about the current decoding method 1is inferred
(310, 311) from the tandem free operation frames that are
comprised 1in the data flow that comes towards the packet

network.

7. A method according to claim 6, characterized in that
information about the current coding method that is used in a
cellular network the first side of the packet network is
inferred (310, 311) from the tandem free operation frames that

are comprised in the data flow that comes towards the packet

network.

8. A method according to claim 5, characterized in that
information about the decoding capabilities of the cellular
network on the first side of the packet network is transmitted

(420, 520) to the second side of the packet network.

9. A method according to c¢laim 8, characterized in that
information about the decoding capabilities of the cellular

network on the first side of the packet network is established



CA 02378439 2006-02-22

22

(410, 510) by transmitting said information from said cellular

net work.

10. A method according to claim 8, characterized in that
sald entity is a cellular network, and

- the coding and decoding capabilities of each cellular
network 1s transmitted to the

other cellular network and

- the coding and decoding methods wused 1n a certailn
connection are negotiated (540) between the cellular networks

when the connection is established.

11. A method according to c¢laim 10, characterized 1n
that instructions how to transmit the data flow coming from
each cellular network are transmitted (550, 551) from the

cellular networks towards the packet network.

12. A method according to claim 1, characterized in that
calls are transmitted over the packet network using a certain
protocol defined for real time applications and information
about the decoding capabilities and tandem free operation
capabilities on the first side of the packet network are
transmitted to the second side of the packet network using a

certain control protocol for real time applications.

13. A method according to claim 12, characterized 1in
that information about the decoding capabilities and tandem

free operation capabilities is transmitted in RTCP messages.

14 . A method according to c¢laim 12, characterized in
that 1nformation about the decoding capabilities and tandem

free operation capabilities 1s transmitted in RTP messages.

15. A method according to claim 12, characterized 1in

that information about the decoding capabilities and tandem
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free operation capabilities is transmitted 1in H.245 signaling

messages.
16. A decoding information exchange arrangement (611)
for exchanging information over a packet network, which
comprises
- means (614) for establishing tandem free operation

information about the tandem free operation capability on an
arrangement side of the packet network and

~ means (616) for communicating data structures over the
packet network, characterized in that sailid arrangement further
comprises

- means (612) for establishing decoding information about
decoders on sald arrangement side of the packet network,

- means (615) for establishing a data structure that
comprises sald tandem free operation information and at least
a certain part of said decoding information and

- means (617) for receiving information about tandem free
operation capability and decoding information on another side
of the network for enabling to the packet network transmission
of data frames, when such data frames are either received from
salid arrangement side of the packet network or producible
using at least information received from said arrangement side
of the packet network, said data frames carrying coded data
and signaling information relating to tandem free operation,
and coding of the coded data in the data frames corresponding

to decoding capabilities on said another side.

17. An arrangement according to c¢laim 16, characterized
in that

~ sald means (612) for establishing decoding information
comprise means (813) for establishing information about a

decoder used 1in a certain connection over the packet network.
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18. An arrangement according to claim 16, characterized
in that said arrangement further comprises means (619) for
receiving 1instructions about processing of tandem free

operation frames.

19. A gateway (610) for connecting a first network to a
certain side of a second network, which second network is a
packet network, which gateway comprises

- means (614) for establishing tandem flee operation
information about tandem free operation capability on the said
certain side of the second network and

- means (616) for communicating data structures over the
second network, characterized in that said gateway further
comprises

- means (612) for establishing decoding information about
decoders on said side of the second network,

- means (615) for establishing a data structure that
comprises said tandem free operation information and at least
a certain part of said decoding information and

- means (617) for receiving information about tandem free
operation capability and 10 decoding information on another
side of the second network for enabling to the packet network
transmission of data frames, when such data frames are either
received from said gateway side of the packet network or
producible using at least information received from said
gateway side of the packet network, said data frames carrying
coded data and signaling information relating to tandem free
operation, and the coding of the coded data in the data frames

corresponding to decoding capabilities on said another side.

20. A decoding 1information transmission arrangement
(601), characterized in that
- said arrangement comprises means (602) for establishing

decoding information about decoders in a cellular network and
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- sald means (602) for establishing decoding information
comprise means for transmitting at least a certain part of
sald decoding information to a gateway connecting the cellular
network to a packet network, for transmitting said at least
certain part of said decoding information from the gateway
further over the packet network to another side of the packet
network, for enabling to the packet network transmission of
data frames, when such data frames are either received from
said arrangement side of the packet network or producible
using at least information received from said arrangement side
of the packet network, said data frames carrying coded data
and signaling information relating to tandem free operation,
and the coding of the c¢oded data in the data frames

corresponding to the decoding capabilities on said another

side.

21. An arrangement according to claim 20, characterized
in that said means (602) for establishing decoding information
comprise means (603) for establishing information about a

decoder used in a certain connection.

22 . An arrangement according to claim 20, characterized
in that

- sald means (602) for establishing decoding information
comprise means for establishing information about the coders
and decoders avallable in the cellular network and

- the arrangement further comprises means (604) for

negotlating the coder and decoder wused 1in a certain

connection.

23. An arrangement according to claim 22, characterized
in that said arrangement further comprises means (605) for
instructing network elements outside the cellular network to

process the data which 1s transmitted along the said certain

connection.
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24 . A cellular network element (600) characterized 1in
that

- said cellular network element (602) for establishing
decoding information about decoders in a cellular network and

~ said means (602) for establishing decoding information
comprise means for transmitting at least a certain part of
sald decoding information to a gateway connecting the cellular
network to a packet network, for transmitting said at least
certain part of said decoding information from the gateway
further over the packet network to another side of the packet
network, for enabling to the packet network transmission of
data frames, when such data frames are either received from an
element side of the packet network or producible using at
least 1nformation received from said element side of the
packet network, said data frames carrying coded data and
signaling information relating to tandem free operation, and
coding of the coded data in the data frames corresponding to

decoding capabilities on said another side.

25. A cellular network element according to claim 24,
characterized 1n that said means (602) for establishing
decoding 1nformation comprise means (603) for establishing
information about a decoder used in a certain connection over

the packet network.

26 . A cellular network element according to claim 24,
characterized 1n that sailid element further comprises means
(604) for negotiating the coder and decoder used in a certain

connection with another cellular network.

27. A cellular network element according to claim 26,
characterized 1n that said element further comprises means

(605) for instructing network elements outside the cellular
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network to process the data which 1s transmitted along the

sald connection.

28. A cellular network element according to claim 26,
characterized 1n that said element 18 a network element of an
UMTS network.
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